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Metabolic-associated fatty liver disease (MAFLD) is a major cause of liver-related complications, including hepatocel-
lular carcinoma (HCC). While MAFLD-related HCC is known to occur in the absence of cirrhosis, our understand-
ing of MAFLD-related HCC in this setting is limited. Here, we characterize MAFLD-related HCC and the impact
of cirrhosis and screening on survival. This was a multicenter, retrospective, cohort study of MAFLD-related HCC.
MAFLD was defined based on the presence of race-adjusted overweight, diabetes, or both hypertension and dyslipi-
demia in the absence of excess alcohol use or other underlying cause of liver disease. The primary outcome of interest
was overall survival, and the primary dependent variables were cirrhosis status and prior HCC screening. We used
Kaplan-Meier methods to estimate overall survival and Cox proportional hazards models and random forest machine
learning to determine factors associated with prognosis. This study included 1,382 patients from 11 centers in the
United States and East/Southeast Asia. Cirrhosis was present in 62% of patients, but under half of these patients had
undergone imaging within 12 months of HCC diagnosis. Patients with cirrhosis were more likely to have early stage
disease but less often received curative therapy. After adjustment, cirrhosis was not associated with prognosis, but the
presence of cancer-related symptoms at diagnosis was associated with poorer prognosis. Conclusion: Cirrhosis was not
associated with overall survival in this cohort of MAFLD-related HCC, while diagnosis in the presence of symptoms
was associated with poorer prognosis. The HCC surveillance rate in patients with MAFLD-related HCC was disap-
pointingly low in a multicenter cohort. (Hepatology Communications 2021;5:122-132).

epatocellular carcinoma (HCC) is the third of HCC in developed countries is nonalcoholic fatty
most common cause of cancer death world- liver disease or metabolic-associated fatty liver disease

@2 The most rapidly growing cause (MAFLD),** which is projected to become a leading

wide.
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cause of cirrhosis and HCC.®1? However, MAFLD-
related HCC has been relatively poorly characterized.
MAFLD differs from other common causes of HCC,
such as chronic viral hepatitis and heavy alcohol use,
in that there are no simple, highly effective thera-
pies directed against MAFLD. There is also no sim-
ple consistent way to diagnose MAFLD in patients
with cirrhosis and HCC because MAFLD may have
“burned out,” with hepatic steatosis no longer evident
in advanced stage. Patients with MAFLD frequently
have cardiovascular and renal comorbidities, which may
preclude cancer-directed therapy or increase the risk of
complications following therapy.1*"¥ How these fac-
tors affect the natural history of MAFLD-related HCC
compared to other etiologies of HCC is not clear. In
addition, disease awareness of MAFLD among affected
persons is extremely poor, estimated to be about 5%
based on data from a nationally representative sample
of Americans from 2011 to 2016."¥ Disease recogni-
tion is low even among patients with MAFLD-related
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cirrhosis, and this lack of awareness is associated with
presentation with advanced-stage HCC.®)

Similar to chronic hepatitis B and unlike most
other causes of liver disease, MAFLD-related HCC
can arise in the absence of cirrhosis.!*”) In the case of
chronic hepatitis B-related HCC, cirrhosis is associ-
ated with poorer prognosis.(18’19) The effect of cirrho-
sis on MAFLD-related HCC has been investigated
only in small cohorts and primarily in Caucasian pop-
ulations."”?*? Unlike chronic hepatitis B, current
practice guidelines do not recommend routine HCC
surveillance for noncirrhotic MAFLD because the
incidence of HCC in this population is too low to jus-
tify surveillance.) While diagnosis by screening/
surveillance rather than when symptoms develop has
been associated with improved prognosis inl 8(3)3161‘

ot

is not known whether this is true in patients with
MAFLD-related cirrhosis. A clearer understanding

of the effects of screening history or diagnosis under

causes of liver disease and cirrhosis overall,(
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surveillance versus by symptoms in MAFLD-related
cirrhosis may help inform screening guidelines.

The goal of this study was to characterize a large
diverse cohort of MAFLD-related HCC, focusing on
the effects of cirrhosis and surveillance on prognosis,
and to create a survival model.

Patients and Methods

STUDY DESIGN AND PATIENT
POPULATION

We performed an international, multicenter, ret-
rospective, cohort study of MAFLD-related HCC at
11 medical centers. Details of the centers are shown
in Supporting Table S1. The study period was from
2005 to 2017. Inclusion criteria were MAFLD and
a first diagnosis of HCC, as verified by chart review.
As recommended by a recent international consensus
forum,(3’4) MAFLD was diagnosed based on any of
the following: diabetes, race-adjusted overweight (body
mass index 223 for Asians and 225 for non-Asians), or
both dyslipidemia and hypertension. We also excluded
participants with other etiologies of liver disease, such
as viral hepatitis, excessive alcohol use, and autoim-
mune diseases as we have already reported findings for
patients with liver diseases of other etiologies. HCC was
diagnosed based on 2010 American Association for the
Study of Liver Diseases criteria.*") Presence of steato-
sis was not a requirement as it is often not present by
the time patients develop cirrhosis and HCC. Patients
with prior HCC or liver transplant were excluded.

This study was approved by the Institutional
Review Board at Stanford University (Stanford, CA)

and at each of the other participating centers.

DEFINITION OF CIRRHOSIS AND
SCREENING

Laboratory values, imaging findings, and HCC
treatments were obtained from individual medical
records. Patients were designated as having cirrho-
sis based on histologic or noninvasive elastographic
methods demonstrating fibrosis stage 4, clinical por-
tal hypertension (i.e., otherwise unexplained sple-
nomegaly or platelet count <120,000/pL, ascites, or
varices on imaging/endoscopy), prior hepatic decom-
pensation (hepatic encephalopathy, ascites, variceal
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gastrointestinal bleeding), or decreased synthetic func-
tion (total bilirubin >2.0 mg/dL or international nor-
malized ratio >1.2 without alternative explanation).

Screening was estimated using two methods. First,
we assessed whether patients had had liver imaging
within the year before HCC diagnosis; it could not
be reliably determined whether these imaging studies
were obtained for screening purposes or other indi-
cations. Second, we assessed the scenario in which
patients were diagnosed: without symptoms (imply-
ing that diagnosis was made based on screening) ver-
sus with symptoms of HCC, such as new-onset or
worsening hepatic decompensation, abdominal pain,
or weight loss at the time of HCC diagnosis.

TUMOR STAGING AND SURVIVAL
OUTCOMES

Tumor characteristics were determined by multiphase
contrast-enhanced computed tomography or magnetic
resonance imaging. Patients were followed from the date
of diagnosis with HCC and either date of death or last
tollow-up. For U.S. sites, the medical record was supple-
mented by a National Death Index registry search up to
March 19, 2019. The National Death Index registry is a
centralized database of death record information on file
in state vital statistics offices; it has over 90% comple-
tion for most states and 99% for the state of California
where the Stanford cohort is located.®?

STATISTICAL ANALYSIS

Descriptive statistics were reported as percent-
age for categorical variables and mean * SD or
median (interquartile range) for continuous variables.
Normally distributed continuous variables were com-
pared by the Student ¢ test, and Wilcoxon rank-sum
statistics were applied when continuous variables were
not normally distributed. The chi square test was used
to compare categorical variables.

For time-to-event analyses, the primary outcome
was overall survival. Follow-up was calculated for each
patient as the time from dates of HCC diagnosis to
the date of death or to the date when patients were last
known to be alive. Mortality rates by various disease
states were calculated and expressed per 100 person-
years. The Kaplan-Meier method was used to estimate
overall survival of patients; those lost to follow-up
were censored. Differences in overall survival among
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subgroups were compared using the log-rank test. A
Cox proportional hazards model was developed to esti-
mate hazard ratios (HRs) and 95% confidence inter-
vals (Cls) relating cirrhosis, imaging history, and other
risk factors with overall survival. For the multivariable
model, we used the albumin-bilirubin (ALBI) score as
a measurement for liver function and Milan criteria for
tumor staging instead of the Child-Pugh Model for
End-Stage Liver Disease (MELD) score or Barcelona
Clinic Liver Cancer (BCLC) stage because we had
the most complete data for the ALBI score and Milan
criteria. We conducted lead-time analyses, as reported,
using an estimated sojourn of 6 months.®%%%

Statistical significance was defined as two-tailed
P < 0.05. All statistical analyses were performed
using R version 3.5.1 (R Foundation for Statistical
Computing, Vienna, Austria; www.r-project.org) with
the tidyverse package (www.tidyverse.org).

In addition, we used machine learning to determine
factors associated with prognosis. The dependent
variable was overall survival based on a rank-based
method to account for censored data.®* Values that
were missing in over half of patients were removed,;
following this step, missing values were imputed
using the “mice” package with five imputations and a
maximum of 50 iterations.®” The machine learning
algorithm used was a random forest model with tune
length 5 with the “party” package version 1.3.3.5¢
We used the Stanford University Medical Center,
Ogaki Municipal Hospital, and National University
Health System cohorts as validation cohorts because
together they provided a balance of U.S. and Asian
patients and constituted approximately 27% of the
overall cohort size. All other centers’ data were used
as the training cohort. The model was trained using
10-fold cross-validation on the training cohort and
then applied to the validation cohort. We chose the
top three nonredundant contributors to survival and
added them into a risk score based on their relative
importance.

Results

OVERALL CHARACTERISTICS AND
TREATMENT

In total, 1,382 patients with MAFLD-related
HCC met study inclusion criteria and were included
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in this study. Overall characteristics for the cohort
are shown in Table 1. The cohort was 68% men,
46% Asian, 34% Caucasian, and 7% Hispanic,
with a mean age of 67 years. Cirrhosis was pres-
ent in 62% of patients. There was no difference in
age or sex between patients with or without cir-
rhosis, but patients with cirrhosis were more fre-
quently Caucasian or Hispanic and less frequently
Asian, more frequently had diabetes, and were less
frequently obese. Having undergone abdominal
imaging within the year before HCC diagnosis
was more common among patients with cirrhosis
(30% vs. 16%). Compared to patients without cir-
rhosis, patients with cirrhosis had smaller maximal
tumor size (median 3.3 vs. 5.7 cm; P < 0.001); they
also more frequently had early stage (BCLC 0 or
A) disease (43% vs. 29%) and less frequently had
intermediate-stage (BCLC B) disease (27% vs. 46%;
P < 0.001 for both) (Table 2). Despite this, patients
with cirrhosis less often received potentially curative
therapy (i.e., resection, ablation, or liver transplant)
and more often received liver-directed therapy with
radiation or transarterial therapy (Table 2).

We estimated the effect of screening in two ways.
First, we assessed the effect of abdominal imaging
(ultrasound or contrast-enhanced computed tomog-
raphy or magnetic resonance imaging) within the year
before HCC diagnosis; data were available in 23% of
patients (n = 313; Supporting Table S2). Second, we
investigated the scenario in which HCC was diag-
nosed, this being asymptomatic (implying that HCC
was diagnosed by screening) versus symptomatic,
including new/worsening hepatic decompensation
or abdominal pain at time of diagnosis (Supporting
Table S3). Data on diagnosis scenario were available
in 51% of patients (n = 706). With both the compar-
isons of imaging versus no imaging and symptoms
versus no symptoms, there were no differences in
age, sex, or presence of diabetes or obesity. Patients
with recent imaging or with no symptoms had
smaller and/or fewer tumors, more frequently had
early stage disease based on BCLC stage, and were
more likely to receive curative therapy.

SURVIVAL

We next turned our attention to factors associated
with overall survival. Unadjusted mortality in multiple
subgroups are shown in Table 3. Cirrhosis did not affect
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TABLE 1. DEMOGRAPHIC, CLINICAL, AND LABORATORY CHARACTERISTICS BASED ON CIRRHOSIS

STATUS
Overall No Cirrhosis Cirrhosis
Trait N=1,382 n=470 n=770 PValue
Age (n =1,030) 67.0+10.9 67.0£11.7 66.9+10.5 0.97
% male 68.4% 71.3% 65.70% 0.045
Ethnicity
Asian 46.2% 61.1% 44.3% <0.001
Living in Asia 42.1% 56.4% 40.0% <0.001
Living in United States 4.1% 4.7% 4.3% 0.78
Caucasian 33.9% 28.5% 35.1% 0.018
Hispanic 7.0% 4.2% 10.1% <0.001
African American 0.8% 0.9% 0.7% 0.74
Other 3.0% 2.8% 3.4% 0.62
Screening (n = 313) 25.0% 15.8% 30.2% 0.012
Mean Child-Pugh-Turcotte score N/A N/A 7.0 (6.0,8.0) N/A
Comorbidities
Diabetes mellitus (n = 948) 60.7% 49.0% 68.3% <0.001
Hypertension (n = 899) 60.4% 58.4% 61.3% 0.35
Dyslipidemia (n = 403) 44.9% 55.0% 41.0% 0.009
Coronary artery disease (n = 830) 24.2% 27.1% 22.2% 0.096
Chronic obstructive pulmonary disease (n = 620) 2.7% 4.0% 2.2% 0.16
Chronic kidney disease (n = 488) 10.6% 12.5% 9.5% 0.26
Myocardial infarction (n = 210) 10.7% 11.2% 10.5% 0.83
Congestive heart failure (n=211) 9.4% 10.0% 9.2% 0.82
Cerebrovascular disease (n = 208) 9.1% 5.7% 11.2% 0.17
Obesity (n=720) 54.0% 56.7% 51.3% 0.17
Laboratory values
White blood cell count (K/uL) (n=773) 6.1(4.6,8.1) 6.9 (5.5,8.6) 5.5(4.1,7.3) <0.001
Hemoglobin (g/dL) (n = 752) 12.8 (11.1,14.0) 13.2(11.6,14.4) 12.4 (10.7,13.8) <0.001
Platelet count (K/uL) (n = 778) 160.5 (109.0,227.8) 207.5(154.0,268.0) 121.0(82.5,187.0) <0.001
Creatinine (mg/dL) (n = 750) 0.9(0.8,1.2) 0.9(0.8,1.2) 1.0(0.8,1.2) 0.59
Sodium (mEg/L) (n = 371) 139.0 (136.0,141.0) 139.0 (136.0, 140.5) 139.0 (136.0,141.0) 0.84
International normalized ratio (n = 731) 1.1(1.0,1.2) 1.0(1.0,1.1) 1.1(1.0,1.3) <0.001
Aspartate aminotransferase (UL) (n = 747) 50.0(35.0,82.0) 44.0(31.0,81.0) 54.0 (39.0,82.0) <0.001
Alanine aminotransferase (UL) (n = 832) 39.0(26.0,60.0) 39.0(26.0,63.0) 39.0(27.0,58.8) 0.71
Total bilirubin (mg/dL) (n = 853) 0.9(0.6,1.5) 0.7 (0.5,1.0) 1.1(0.7,2.0) <0.001
Alkaline phosphatase (U/L) (n = 650) 123.5 (85.0,207.2) 110.0 (74.0,190.0) 130.5 (90.0,211.0) 0.002
ALBl index (n = 678) 2.0(1.0,2.0) 2.0(1.0,2.0) 2.0(2.0,2.0) <0.001
MELD-sodium score (n = 681) 9.2(7.5,12.3) 7.6 (6.5,10.0) 10.2 (8.2,13.7) <0.001

Data are depicted as mean + SD, median (interquartile range), or percentages.

overall survival (HR, 1.14; 95% CI, 0.94-1.37) (Table 4;
Fig. 1A). Other factors associated with poorer survival
included greater age, higher MELD score, Child-Pugh
score, and BCLC stage; being within Milan criteria,
receiving curative therapy, Asian race, and more recent
period of diagnosis (2008 and later) were associated
with better prognosis (Table 4). History of abdominal
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imaging within a year of HCC diagnosis was associ-
ated with improved prognosis (HR, 0.55; 95% CI,
0.37-0.82), whereas symptoms at HCC diagnosis
were associated with poorer outcomes (HR, 2.16; 95%
Cl, 1.68-2.78) (Table 4; Fig. 1B,C). After lead-time
adjustment with an estimated sojourn of 6 months, the
association between symptoms and mortality remained
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TABLE 2. TUMOR CHARACTERISTICS BASED ON CIRRHOSIS STATUS

Overall No Cirrhosis Cirrhosis

Trait N=1,382 n=470 n=770 PValue
Alpha-fetoprotein (ng/dL) (n = 762) 16.0 (4.4,404.1) 24.5(4.2,478.7) 13.4 (4.5,374.0) 0.64
Maximum tumor size (cm) (n =917) 4.0(2.3,7.6) 5.7 (3.5.9.8) 3.3(2.1,6.0) <0.001
Tumor number (n = 922) 1.0(1.0,2.0) 1.0(1.0,2.0) 1.0(1.0,2.0) 0.01
Unifocal cancer (n = 922) 68.6% 74.4% 66.3% 0.005
Within Milan criteria (n = 859) 52.5% 55.4% 53.1% 0.46
BCLC stage (n = 643)

0 6.2% 5.4% 6.0%

A 33.1% 23.5% 37.1% <0.001

B 32.5% 46.2% 26.7%

C 21.5% 24.2% 19.8%

D 6.8% 0.7% 10.4%

Treatment

Any cancer treatment 71.2% 76.0% 70.5% 0.042
Resection 24.6% 39.4% 14.7% <0.001
Liver transplant 4.1% 0.0% 6.9% <0.001
Ablation 8.8% 3.4% 12.6% <0.001
Transarterial/radiation therapy 43.2% 35.4% 50.3% <0.001
Systemic 6.4% 7.0% 7.3% 0.91
Supportive care only 28.8% 24.% 29.5% 0.042

Data are depicted as mean + SD, median (interquartile range), or percentages. Some patients underwent multiple treatments.

significant (HR, 1.66; 95% CI, 1.28-2.13; P < 0.001)
while that between history of imaging and mortality
did not (HR, 0.70; 95% CI, 0.47-1.03; P = 0.07).

We stratified by cirrhosis status and either receipt
of imaging in the year before HCC diagnosis or symp-
toms. Among patients both with and without cirrho-
sis, there was an insignificant trend toward improved
survival based on screening history (Supporting Fig.
S1A,B), whereas presence of symptoms was associ-
ated with poorer survival in both groups (Supporting
Fig. S2A,B). Patients with symptoms and without
cirrhosis had poorer survival than those with symp-
toms and with cirrhosis (Supporting Figs. S1D,
S2D); there was no difference in survival based on
cirrhosis status based on having undergone screening/
surveillance or among asymptomatic patients.

We constructed a multivariate Cox proportional haz-
ards model for overall survival that included cirrhosis.
The model was adjusted for factors associated with over-
all survival on univariate analysis at P < 0.10. To avoid
collinearity with ALBI score and Milan criteria, Child-
Pugh and MELD scores, BCLC stage, and treatment
type were not included in the multivariable model. On
this analysis, cirrhosis was not associated with survival.

When presence of symptoms at HCC diagnosis
was added to the model, symptoms were associated
with poorer overall survival (HR, 1.82; 95% CI, 1.30-
2.53; P < 0.001; Supporting Table S4). There was a
trend toward an association between prior imaging
and improved prognosis (HR, 0.61; 95% CI, 0.38-
1.00; P = 0.051; Supporting Table S5). However,
many patients had missing data on both symptoms
and prior imaging.

We conducted a sensitivity analysis where we
used the nonalcoholic fatty liver disease fibrosis score
(NFS) to determine fibrosis based on cutoff >0.675
indicating advanced fibrosis/cirrhosis (fibrosis stage
3-4), <-1.455 indicating no significant fibrosis (stage
0-2), and a score from -1.455 to 0.675 as indetermi-
nate. NFS >0.675 was not associated with increased
mortality relative to NFS <-1.455 (HR, 0.84; 95% ClI,
0.61-1.15) or relative to NFS <0.675 (HR, 1.21; 95%
CI, 0.97-1.52).

MACHINE LEARNING

Finally, we constructed a random forest machine
learning model to identify prognostic factors in an
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TABLE 3. MORTALITY IN SELECTED SUBGROUPS
Group Total Number Deaths Person-Years of Follow-Up Mortality per 100 Person-Years
Overall
All patients 1,382 588 1,932.5 30.4
No cirrhosis 470 184 639.5 28.8
Cirrhosis (all) 770 347 1,071.3 32.4
Cirrhosis (Child-Pugh A) 234 100 418 23.9
Cirrhosis (Child-Pugh B) 247 111 225.3 49.3
Cirrhosis (Child-Pugh C) 49 33 18.6 177.4
BCLC stage
0/A 329 97 586.6 16.5
B 266 121 319.7 37.8
C/D 225 147 148.9 98.7
ALBI index
1 341 107 574.6 18.6
2 574 270 662.3 40.8
3 118 72 82.9 86.9
Treatment type
Resection 340 99 650.4 15.2
Liver fransplant 56 10 194.3 5.1
Ablation 121 42 249.2 16.9
Transarterial/radiation therapy 596 270 909.4 29.7
Systemic 89 53 106.4 49.8
Supportive care only 398 204 322.5 63.3

attempt to create a risk score for survival in MAFLD-
related HCC. The factors most strongly associated with
rank-based survival were treatment type, Child-Pugh
score, and maximal tumor size (Supporting Fig. S3).
Based on these results, we created a score that allocated
up to 3 points based on therapy type, 1 point for maxi-
mal tumor size <4.3 cm (median tumor size in the der-
ivation cohort), and 1 point for Child-Pugh score <6
(median score in the derivation cohort) (Fig. 2A). This
score predicted three distinct risk groups in both the
training and validation cohorts (Fig. 2B,C). Notably, in
a Cox proportional hazards model incorporating treat-
ment type, tumor size, and Child-Pugh score, variance
inflation factors were low (<2 for all), indicating no
meaningful multicollinearity.

Discussion

We have comprehensively characterized a large and
diverse international cohort of patients with MAFLD
HCC, focusing on the effect of cirrhosis on survival
outcomes. Unlike chronic hepatitis B, which is also
strongly associated with noncirrhotic HCC, there was
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no significant difference in survival of patients with
MAFLD HCC with cirrhosis versus those with-
out cirrhosis. The reason for this may be due to the
lower likelihood of HCC surveillance in patients with
MAFLD without known cirrhosis because HCC
screening guidelines do not include this population.
Indeed, in a sensitivity analysis stratifying by the
presence of imaging in the year before HCC diag-
nosis or the presence of symptoms (two factors used
as surrogates for HCC screening), patients without
HCC screening and without cirrhosis actually had
poorer survival than those without screening and with
cirrhosis.

It is not clear why survival in MAFLD-related
HCC is unaffected by cirrhosis status, which is dif-
ferent than what has been reported in chronic hep-
atitis B-related HCC,"**”) although consistent with
the limited earlier literature in MAFLD-related
HCC."7?22 One potential explanation is that the
superior liver function in patients without cirrhosis
was offset by the later presentation due to a decrease
in screening; however, cirrhosis status was not asso-
ciated with mortality after adjustment for meeting

Milan criteria (Table 4). While the competing risk of
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TABLE 4. FACTORS ASSOCIATED WITH MORTALITY
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Trait Unadjusted HR (95% ClI) PValue Adjusted HR (95% CI) n = 220 PValue
Age 1.02 (1.01-1.03) <0.001 1.02 (1.01-1.03) <0.001
Male sex 1.02 (0.85-1.23) 0.84

Race

Non-Asian 1 (referent) 1 (referent)

Asian 0.70 (0.59-0.83) <0.001 0.87 (0.68-1.11) 0.25
Hypertension 1.49 (1.24-1.81) <0.001 1.05 (0.81-1.36) 0.7
Dyslipidemia 1.19 (0.86-1.64) 0.29
Diabetes 1.22 (1.01-1.46) 0.035 0.89 (0.7-1.12) 0.31
Myocardial infarction 1.27 (0.68-2.34) 0.45
Imaging <12 months before diagnosis 0.55(0.37-0.82) 0.003
Symptoms at diagnosis 2.16 (1.68-2.78) <0.001
Period of diagnosis

2007 and earlier 1 (referent) 1 (referent)

2008 and later 0.74 (0.62-0.89) 0.001 0.75(0.6-0.95) 0.018
Cirrhosis 1.14 (0.94-1.37) 0.18 1.08 (0.85-1.39) 0.52
Child-Pugh score (per point) 1.42 (1.34-1.50) <0.001
MELD (per point) 1.04 (1.03-1.05) <0.001
ALBI index

1 1 (referent) 1 (referent)

2 2.05 (1.62-2.60) <0.001 1.79 (1.36-2.35) <0.001

3 4.28 (3.12-5.89) <0.001 3.96 (2.71-5.79) <0.001
BCLC stage

0/A 1 (referent)

B 2.15(1.64-2.80) <0.001

C/D 5.05 (3.88-6.56) <0.001
Within Milan criteria 0.34 (0.28-0.41) <0.001 0.34 (0.27-0.43) <0.001
Curative therapy 0.31(0.25-0.38) <0.001

cardiovascular disease may be greater in patients with
MAFLD, we did not see an association between his-
tory of diabetes or myocardial infarction and overall
survival, which would argue against this hypothesis
(Table 4). Another possibility is that risk of recurrent
HCC is lower in MAFLD-related cirrhosis than in
other causes of cirrhosis; the rate of HCC recurrence
in MAFLD followin% curative therapy has not been
well characterized.®’ Finally, misclassification of
cirrhosis status may be more frequent in MAFLD-
related HCC than in other causes of HCC; for
instance, noninvasive scores and transient elastogra-
phy may have lower sensitivity in excluding advanced
fibrosis than in other etiologies of cirrhosis.®® In a
sensitivity analysis, advanced fibrosis as determined
by NFS was not associated with mortality. Further
research will be required to better assess reasons for
the differences observed between viral and MAFLD-
related HCC based on cirrhosis status.

Given this study design, we are unable to directly
address the question of whether patients with
MAFLD without cirrhosis should undergo HCC
surveillance. While the risk of HCC in noncirrhotic
MAFLD remains incompletely characterized due to
difficulties in diagnosing MAFLD at the population
level, it is virtually certain to be below the threshold
of 0.2%/year that is usually recommended to justify
surveillance in the absence of cirrhosis.**?® There
may be subsets of patients with noncirrhotic MAFLD
in which the HCC incidence is high enough to
warrant surveillance, for example, presence of the
patatin-like phospholipase domain containing 3 iso-
leucine to methionine substitution at position 148
(PNPLA3 1148M) variant,(39741) but at this point the
evidence for this or any other purported predisposing
factor is insufficient. In addition, HCC surveillance
can lead to unnecessary follow-up cross-sectional

imaging, invasive biopsies, and patient anxiety.(42)
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Further prospective studies on the role of screening
in MAFLD will be required. If a high-risk population
of patients with noncirrhotic MAFLD could be iden-
tified, our data suggest that screening will result in
superior outcomes because (with the absence of rou-
tine surveillance) our patients with MAFLD HCC
without cirrhosis tended to have larger tumors and
despite better liver function were no more likely to
receive cancer-directed therapy than those with cir-
rhosis, presumably due to their more advanced stage.
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Notably, HCC screening rates were low in this
cohort; even in patients with cirrhosis, only 30%
underwent imaging in the year before HCC diag-
nosis. In comparison, previous studies in cirrhosis
of mixed etiology showed roughly 50% adherence
to surveillance,™” although this varies greatly across
practice settings and depending on definitions of sur-
veillance adherence.® Our study is based on data
from academic medical centers, and it may be that
with no effective treatment for MAFLD, patients
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with MAFLD may be less likely to be followed in
a liver disease practice. Limited patient awareness of
MAFLD may also lead to poor linkage to care at both
the primary care and referral care levels.!¥
Limitations of this study include its retrospective
nature; in particular, it is not possible to reliably deter-
mine indications for imaging procedures and why
surveillance was or was not performed. Also, biopsy
was not performed in the majority of patients, so we
could not distinguish between simple steatosis and
nonalcoholic steatohepatitis, which may be especially
relevant in patients without cirrhosis. We also lack
sufficient data for additional factors, such as statin
use, whose effects are often dose and duration depen-
dent, or markers to assess for the severity of metabolic
syndrome over a long period of time.***) Strengths
of this study include that it was large and included
patients from several different countries and diverse
ethnicities. In addition, the outcome of overall survival
is objective, and definitions of the major outcomes
and predictors were standardized across the centers.
In conclusion, we found that history of liver imag-
ing was associated with improved prognosis in patients
with MAFLD-related HCC but that cirrhosis had no
significant effect on survival. Further studies will be
required to more clearly identify which patients with
noncirrhotic MAFLD, if any, may benefit from HCC
surveillance. Additional efforts are also needed to
improve adherence to HCC surveillance in patients

with MAFLD cirrhosis.
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